Management decisions in conservation of threatened species require trading off social needs against biodiversity values, including the prioritization of conservation locations, i.e. where conservation efforts should take place. To improve conservation decisions for the thick-shelled river mussel, Unio crassus, a highly threatened temporary parasite on fish, we performed a field study on how mussel and host fish density (European bullhead, Cottus gobio, and common minnow, Phoxinus phoxinus) affect reproduction potential of the mussel at different sites along a river. We assumed that the proportions of gravid mussels would be higher at high mussel density, and result in enhanced glochidia (mussel larvae) encapsulation rates on fish. We also expected the highest 'glochidia density'-a proxy for the potential number of recruits per stream area, assessed by multiplying glochidia encapsulation rates on fish by fish density, to occur at high mussel density sites. Such river sites, producing many offspring and conveying important conservation values, may thus be prioritized. However, contrary to our assumptions, higher glochidia density and higher proportions of gravid mussels occurred at lower density mussel sites. We also found that P. phoxinus had higher glochidia encapsulation rates than C. gobio, possibly related to species-specific behavioural and life-history traits. Even so, glochidia density was similar for both fish species, reflecting comparable ecological functions in hosts. The results of this study suggest that mussel and host fish densities should be considered along with glochidia density in conservation prioritization and management trade-offs.
Introduction
The ongoing decline of biodiversity is a major global concern in need of conservation action to prevent further species extinctions (Cardinale et al. 2012) . Despite increasing knowledge of anthropogenic impacts on ecosystems, saving all endangered species and populations seems unrealistic (Mace 2010; Myers et al. 2000) . Management trade-offs and prioritization, in light of, for example, limited resources, human interests, ecosystem services and geographic constraints, are inevitable, and selection of priority locations is required for conservation efforts (Kapos et al. 2010; Leader-Williams et al. 2010) .
Prioritization of conservation units such as biodiversity hotspots, keystone species or habitats and populations with high conservation value should be favourable (Geist 2011; Myers et al. 2000) . However, assessment of conservation value is complex and should consider both intrinsic biodiversity values (Soulé 1985) and integrative ecosystem service functions (Luck et al. 2003; Ormerod 2014; Rodriguez et al. 2006) . Conservation management should moreover understand the effects of habitat destruction and fragmentation, as these may affect effective population size and thereby lead to complicating factors such as Allee effects and inbreeding depression (Berg et al. 2008; Simberloff and Abele 1982) . Concepts such as minimum viable population size are thus important when prioritizing management strategies for low-density populations of highly threatened keystone species (Nunney and Campbell 1993) .
Many large freshwater mussels (Bivalvia: Unionoida) are highly threatened keystone species with high conservation value (Collier et al. 2016; Dudgeon et al. 2006; Strayer et al. 2004) . Unionoids are benthic filter feeders, providing important freshwater ecosystem functions and services such as water purification, nutrient cycling and retention, biodeposition, sediment mixing and stabilization (Howard and Cuffey 2006; Strayer et al. 1994; Vaughn 2010 Vaughn , 2018 Vaughn and Hakenkamp 2001) , with positive effects on freshwater biodiversity (Aldridge et al. 2007; Limm and Power 2011; Vaughn et al. 2008) . Unionoids have a complex life cycle, including a parasitic larval life stage in most species (Bauer 2001a) . In the families Unionidae, Margaritiferidae and Hyriidae, mussel larvae (glochidia) temporarily attach to fish (weeks-months) and then transform to free-living juveniles that bury in stream or lake sediments to eventually develop into adults (Barnhart et al. 2008; Bauer 2001b ). Habitat quality and host availability are critical for life-cycle completion, making unionoids vulnerable to, for example, water pollution, invasive species and habitat degradation (Österling et al. 2010; Strayer et al. 2004; Vaughn and Taylor 2000) . Strong declines in unionoid populations have occurred since the industrial revolution, and they are one of the most imperiled taxa globally (Cuttelod et al. 2011; IUCN 2018; Lopes-Lima et al. 2017; Lydeard et al. 2004; Tedesco et al. 2014) . About 45% of the 679 currently recognized unionoid species worldwide are classified as near threatened, threatened or extinct, including 25 (2.5%) extinct or probably extinct species (Lopes-Lima et al. 2018) .
The preservation of the ecosystem functions and services provided by unionoids is of global interest (Lopes-Lima et al. 2017 ) and has been formalized in international and national legal frameworks such as the Habitats Directive (Council of the European Communities 1992) and the European Water Framework Directive (Council of the European Communities 2000). However, implementing such legislation in terms of conservation action still needs basic knowledge of species-specific ecology (e.g., reproduction timing and critical population sizes), and host-fish interactions (e.g., host-fish species and availability) for many unionoid species. This lack of knowledge is problematic as it restricts accurate prioritization in trade-offs between freshwater biodiversity and social needs, such 1 3 as bridge and hydropower infrastructure construction. This complexity is furthered by different costs and benefits involved with restoring mussel populations of different sizes, making conservation prioritization in a varying environment difficult (Geist 2015; Smith et al. 2015) .
To facilitate prioritization in management trade-offs, we performed a field study on the thick-shelled river mussel, Unio crassus, one of Europe's most threatened unionoids. This species is a stream-dwelling mussel, for which, to our knowledge, a host fish attraction strategy has only been observed in the southern part of its range (e.g. Vicentini 2005); such a strategy was not observed during the present study. We evaluated how mussel density and density of two of its primary host fish species affect mussel reproduction potential. To do this we followed the reproduction season of U. crassus at three sites in a population in the river Tommarpsån, southern Sweden. We assumed that in a dense mussel bed with many potentially reproducing adults, the proportion of gravid mussels would be higher than in a low-density mussel bed with fewer adults. We predicted that this would result in higher glochidia encapsulation rates on the primary host fish species naturally occurring in the river (European bullhead, Cottus gobio, and common minnow, Phoxinus phoxinus), for which we investigated glochidia prevalence and fish abundance over the mussel reproduction season. Combining 'glochidia encapsulation rates on fish' and 'fish density' renders 'glochidia density' a proxy for the potential number of recruits per area of river. We expected the glochidia density to be highest at high mussel density as a result of beneficial conditions for life-cycle completion regarding juvenile transformation.
Materials and methods

Study area
The study was conducted in the River Tommarpsån, located in the region of Skåne in southern Sweden (upstream limit: 55°33′16.2″N 14°9′1.4″E; downstream limit: 55°33′1.4″N 14°8′27.9″E). The river (total length: 41.9 km, mean flow ± SD: 0.7 ± 0.6 m 3 /s) has a moderate ecological status (classified according to the EU water framework direction, Council of the European Communities 2000), is mainly surrounded by arable land and empties into the Baltic Sea (Stenberg et al. 2012; Water Information System Sweden 2014) . The river supports a self-recruiting U. crassus population in its middle to lower reaches. Three study sites, referred as to S1 (upstream), S2 (between) and S3 (downstream), all inhabited by U. crassus and situated 200-500 m apart from each other, were randomly chosen on a river stretch of about 800 m length. Although the distance between sites seems small, it is considered sufficient to evaluate small-scale effects of fish and mussel density on the reproductive potential of U. crassus. From these sites, P. phoxinus and C. gobio had been identified as primary host fish for U. crassus in a previous study (Schneider 2017) , in which DNA analyses of glochidia encapsulated on fish gills and transformed juveniles identified U. crassus as the sole unionoid in the system. All three study sites are similar in their physical and chemical characteristics (Table 1) .
Mussel investigations
Unio crassus has been described as a short-term breeder, reproducing during spring and early summer (Bauer 2001c) . To investigate the proportions of gravid mussels during the annual reproduction season of U. crassus in Sweden, two investigations of mussel gravidity were conducted on 16 and 30 mussels on 18 and 26 April 2013, respectively (the dates correspond to weeks 16 and 17 of the year 2013). Thereafter, approximately 60 individuals at each study site on each occasion were investigated weekly until 23 July 2013, when no mussels were found gravid, resulting in 2176 individual mussel examinations. Mussels visible by their apertures or lying on top of the sediment, as viewed through glass-bottomed viewing buckets, were sampled by hand. The mussels were transferred to 20 L buckets filled with stream water and fitted with an oxygen supply, and their gravidity status (yes/no) was recorded before they were returned to their original habitats. Mussels were carefully opened with reversing pliers, and gravidity evaluated by visual inspection of marsupial gills (Österling et al. 2008) . A mussel with swollen marsupial gills, was assumed gravid (Bednarczuk 1986) . A mussel with flat and transparent gills was categorized as non-gravid, including male individuals. The individual shell length (nearest mm, Helama et al. 2017) was noted. The ratio of gravid/non-gravid mussels was calculated for every sampling occasion. Repeated counting (2x) of all mussels visible (siphons and/or shell) at the sediment surface at each study site was conducted to estimate mussel densities. We excluded mussels buried in the sediment as we were interested in the number of mussels taking part in reproduction by being able to disperse sperm and glochidia to the free-flowing water (Pfeiffer and Nagel 2010) .
Fish investigations
Quantitative electrofishing (LUGAB L-600, flat DC, Bohlin et al. 1989 ) was conducted with two or three successive removals of fish at each study site every second week, starting on 16 May 2013 (corresponding to weeks 20, 22, 24, 26 and 28), always 2 days after a mussel gravidity survey. Fish were identified to species and counted on each fish removal to enable population density estimates.
On every fishing occasion at each study site, subsamples of 10 individuals of P. phoxinus and C. gobio were sacrificed (Benzocaine, > 200 mg/L), measured for total length (nearest mm) and weight (nearest 0.1 g), and preserved in 95% ethanol. The remaining fish were returned to the river after the repeated fish removal at a study site. In a laboratory, the subsamples, representing about 8-9% of the total catch of C. gobio and P. phoxinus, were thoroughly examined for glochidia infestation using binocular microscopes. Natural glochidia encapsulation rates were estimated through gill dissection and counting of all glochidia attached to one gill side with extrapolation of this number to the total gill (glochidia fish −1 ). Schneider (2017) showed that U. crassus encapsulation on fish is evenly distributed between the right and left gills. Fish skin and fins were not examined for glochidia infestation, as U. crassus glochidia drop off these body parts prior to successful metamorphosis (Engel and Wächtler 1989; Taeubert et al. 2012) . The number of glochidia per fish was then multiplied by the species-specific fish density (individuals m −2 ) to calculate the 'glochidia density' (glochidia m −2 ), representing the number of glochidia potentially transforming to juvenile mussels (Österling et al. 2008) . In a previous study, Schneider et al. (2017) showed that glochidia encapsulation rates on P. phoxinus and C. gobio correspond to transformation rates of U. crassus from the fish. Although we assume that transformation rates of juvenile mussels are fish species-dependent due to differences in morphology, behaviour and ecology of the fish species, in the present study, we use glochidia density to estimate the reproductive potential of the mussel. We do so as glochidia density reflects the river-specific ecological importance of a host fish species.
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Water temperature
Water temperature (°C) was measured hourly by data loggers at each study site. Average temperatures (± standard deviation) were calculated for each week between 18 April and 23 July, which corresponds to weeks 16-30 of the year 2013.
Statistical analyses
All statistical analyses were carried out according to simple repeated measures ANOVA in a randomized block design (Quinn and Keough 2002) , including 'week' as a random blocking factor, and comparing among 'study sites' (S1, S2, S3) as a fixed factor. The 'proportions of gravid mussels' and 'mussel length' were compared among 'study sites' in separate ANOVAs for 'week' 18-28. 'Glochidia infestation', 'fish density' and 'glochidia density' were compared among 'study sites' and between 'fish species' (P. phoxinus or C. gobio, fixed factor) in separate two-way ANOVAs including the 'study sites' ×'fish species' interaction term along with blocking factor 'week' (20-28). Significances were accepted at α ≤ 0.05, normality of residuals was confirmed using Kolmogorov-Smirnov tests (p > 0.2 for all dependent variables), and post hoc Tukey HSD tests were carried out for factor 'study sites'. All statistical analyses were performed in IBM SPSS statistics version 22.0.0.2.
Results
Mussel investigations
Gravid mussels were found between mid-April and the beginning of July (weeks 17-27), when average stream temperatures were between 8.8 ± 1.3 °C and 17.8 ± 1.1 °C (Fig. 1) . The reproductive season of U. crassus was completed by week 27, as mussels examined in 16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 Week (b) (a) Fig. 1 a Average water temperature (°C) in the River Tommarpsån, and b percentage of gravid mussels (%) at the study sites S1, S2 and S3 during week 16-30 (temperature at S2 between weeks 21-28 only) in 2013.
Lines between means and percentages are added for clarity weeks 28, 29 and 30 (n = 544) were not gravid, except for one individual carrying a partial brood. On average, 31% of the mussels investigated were gravid (all study sites, weeks 17-27). The maximum proportions of mussels carrying broods were 58%, 50% and 38% for S1, S2 and S3, respectively (in weeks 23, 19 and 22, respectively). There was a significant difference among study sites in proportions of gravid mussels (F 2,20 = 17.51, p < 0.001, Fig. 1b) . A Tukey HSD test revealed that S1 had significantly higher proportions of gravid mussels than S2 (p < 0.01) and S3 (p < 0.001), and that S2 had higher proportions of gravid mussels than S3 (p < 0.01). Mussel density was considered as 'low' (0.9 individuals m ) at study sites S1, S2 and S3, respectively. The largest gravid mussel had a 96 mm long shell, and the largest non-gravid mussel was 98 mm long. The mussels at S3 (65 ± 7 mm) were significantly smaller than mussels at S1 (70 ± 7 mm) and S2 (69 ± 6 mm; F 2, 1761 = 126.595, p < 0.001; Tukey HSD: p < 0.001).
Fish density
Cottus gobio and P. phoxinus were the most abundant fish species caught during weeks 18-28. These species represented 99% of the 3675 fish specimens caught (C. gobio: 52%; P. phoxinus: 47%). Salmo trutta, Esox lucius and Lampetra planeri accounted for the remaining one percent. Due to low abundances of these fish species and because C. gobio and P. phoxinus are the primary host-fish for U. crassus in Tommarpsån, the following results focus only on C. gobio and P. phoxinus. The average densities of both species (individuals 100 m −2 ) were 162.2 ± 158.6 (mean ± SD), 120.0 ± 51.1, and 289.9 ± 205.7 at S1, S2 and S3, respectively. The ANOVA showed a significant main effect of 'study site' on 'fish density' (F 2,19 = 5.12, p = 0.02), resulting from S3 having higher fish densities than S2 (Tukey HSD test: S3-S2, p = 0.03; S3-S1, p = 0.10; S2-S1, p = 0.76). However, the ANOVA showed no significant main effect of 'fish species' (F 1,19 = 0.53, p = 0.46), nor a 'study sites' ×'fish species' interaction effect (F 2,19 = 0.68, p = 0.52) on 'fish density'. Still, S1 and S3 had high densities of P. phoxinus early in the study period, and these densities decreased over the study period. S2 had low densities of P. phoxinus throughout, and no P. phoxinus were caught in S2 in week 28. Cottus gobio had a somewhat different density profile over the study period, with less pronounced early high densities and less of a decrease over time. After week 24, C. gobio densities were generally higher than those of P. phoxinus. As densities of the relatively stationary C. gobio did not decrease over time as did P. phoxinus we do not consider an effect of our standardized sampling on fish densities.
Glochidia encapsulation rates
Gill examination of C. gobio (n = 150) and P. phoxinus (n = 140) resulted in an overall average glochidia encapsulation rate of 6.6 ± 9.8 glochidia per fish individual (glochidia fish −1 ) with high variation among individuals. Glochidia occurred in about 63% of fish gills examined, following the seasonal pattern of mussel gravidity with 1-2 weeks delay. The lowest encapsulation rates occurred at the beginning and the end of the study period. High infestations with up to 66 glochidia per fish occurred around week 22, when stream temperatures were about 15 °C. Average glochidia encapsulation rates were significantly higher on P. phoxinus (mean ± SD: 8.6 ± 10.8 glochidia fish ; F 1,19 = 11.539, p < 0.01), and significantly higher at S3 (9.7 ± 11.9 glochidia fish −1 ) than at S1 (3.8 ± 5.6 glochidia fish (F 2,19 = 12.53, p < 0.001, Tukey HSD test: S3-S1, p < 0.001; S3-S2, p = 0.04; S2-S1, p = 0.1, Fig. 2b ) without any significant interaction between 'study site' and 'fish species' (F 2,19 = 2.51, p = 0.11).
Glochidia density per area of stream
Glochidia density, calculated as 'glochidia encapsulation rate' times 'fish density', differed significantly between study sites (F 2,19 = 9.85, p < 0.01). At S3 the glochidia density (mean ± SD 24.9 ± 38.5 glochidia m −2 ) was significantly higher than at S1 (6.2 ± 15.0 glochidia m −2 ) and S2 (7.2 ± 11.8 glochidia m −2 ) (TukeyHSD test: S3-S1, p < 0.01; S3-S2, p < 0.01; S2-S1, p = 0.99, Fig. 2c ). The pattern of glochidia density was thus similar between P. phoxinus (14.1 ± 24.6 glochidia m −2 ) and C. gobio (11.9 ± 28.3 glochidia m −2 ) during weeks 20-28 (Fig. 2c ) since there were no significant effects of factor 'fish species' (F 1,19 = 0.03, p = 0.86) or 'study site' ×'fish species' interaction (F 2,19 = 0.95, p = 0.40) on 'glochidia density'.
Discussion
In this study, the reproductive potential of U. crassus differed among localities with different densities of non-buried mussels. However, contradicting our assumptions, higher glochidia density (a proxy for the potential number of recruits per area of river) occurred at the site with 'low/intermediate' mussel density than at the sites with 'high' and 'low' densities. This suggests that relatively low mussel densities, possibly above a critical population density threshold, can have a comparably high reproduction potential as a result of multiplicative effects of ample host fish availability and elevated , and c average glochidia density (glochidia m −2 ) on Cottus gobio (n = 150) and Phoxinus phoxinus (n = 140) from study sites S1, S2 and S3 during weeks 20-28 in 2013. Error bars denote the standard error of the mean. Lines between means are added for clarity glochidia encapsulation rates on fish. However, encapsulation rates of glochidia did not correlate with local proportions of gravid mussels, indicating that the proportion of mussels taking part in reproduction does not necessarily increase the glochidia prevalence on fish, whereas both host fish density and species do. This is supported by our findings of (1) different host fish densities among the study sites, (2) significantly higher natural glochidia encapsulation rates on P. phoxinus than on C. gobio, and (3) similarly higher densities of C. gobio towards the end of the study period, prolonging host availability for U. crassus after P. phoxinus leave their spawning grounds. Our results therefore show that prioritization in conservation management trade-offs, such as choice of habitats that should be preserved or not, may be better based on considerations of such multiplicative effects on the reproduction potential of mussels and not on mussel densities and proportions of gravid mussels alone.
Density effects on mussel reproduction
Mussel reproduction took place between mid-April and the beginning of July, probably driven by temperature (Hastie and Young 2003) , as temperature affects metabolic processes in mussels (Hochwald 1997) and adaptations in the mussel-host interaction (Barnhart et al. 2008; Schneider et al. 2018) . The proportions of gravid mussels were significantly higher at the site with low mussel density than the sites with higher mussel densities, contradicting our assumption and the findings of McLain and Ross (2005) and Österling (2015) , who reported higher proportions of gravid mussels in high-density mussel beds of other mussel species. The ratio of gravid to non-gravid mussels also temporarily exceeded 50%, in spite of U. crassus usually having a sex ratio of 1:1 (Hochwald and Bauer 1990 ) and rarely being hermaphrodites (Pekkarinen 1993) , indicating high female reproductive activity. Whether hermaphroditism occurs in Tommarpsån has yet to be investigated.
Allee effects in the form of reduced reproduction below critical mussel densities have been suggested for U. crassus (Bauer and Wächtler 2001; Hochwald and Bauer 1990; Watters 2001) . Allee effects may arise due to sperm limitation at low mussel densities, particularly when rivers have impeded flow velocity (Downing et al. 1993; Terui et al. 2015) . This is unlikely to be the case for U. crassus in the River Tommarpsån, which has a moderate and steady flow during late spring and summer, and mussels distributed relatively evenly along the river stretch investigated in the present study enhancing sperm distribution and availability (Ferguson et al. 2013; Mosley et al. 2014) . Therefore, the frequency of egg fertilization, and thereby the numbers of glochidia released to the free-flowing water should not vary among our study sites. We suggest this because the mussel bed with the lowest mussel density supported the highest proportion of gravid mussels. Also, the level of glochidia infestation on fish did not depend on the size of the mussel individuals at a study site, as no difference in glochidia encapsulation rates was detected between the mussel beds with larger and significantly smaller (shorter shell) mussels, a finding that corroborates Hochwald (1997) and suggests that fertility of U. crassus is independent of mussel size or age. However, estimates of the reproductive potential of U. crassus should consider, for example, demographic processes with low effective population sizes (Haag 2012; Nunney and Campbell 1993) , and, according to our studies, be evaluated in the light of biological interactions and life-history traits of both mussels and fish hosts.
Multiplicative effects on mussel reproduction potential
Even if reduced host fish availability can impede mussel recruitment (Arvidsson et al. 2012; Haag and Stoeckel 2015; Stoeckl et al. 2015) , this does not seem to be the case for U. crassus in the present study. First, average fish densities of P. phoxinus and C. gobio were about nine times higher than the average fish densities of primary hosts (P. phoxinus and S. cephalus) reported for streams with functional U. crassus recruitment (Stoeckl et al. 2015) . Second, the highest 'glochidia density' was found at 'low/intermediate' mussel density as a result of high host fish densities and glochidia encapsulation rates on fish. This suggests a high reproduction potential at relatively low mussel densities, and also hints at mechanisms behind infestation rates beyond those of mussel and host fish densities alone.
Behavioural and life history traits of host fish have been considered critical for glochidia infestation, with the swimming, spawning and feeding behaviour of fish greatly affecting the level of infestation (Jansen et al. 2001) . Phoxinus phoxinus is a shoaling fish species that spawns in specific habitats during May-July (Frost 1943) . Our study suggests that aggregation of P. phoxinus and its high swimming activity during spawning increase glochidia prevalence and result in high glochidia densities, as found at the 'low/intermediate' mussel bed. This result is similar to that of Wengström et al. (2016) , which demonstrated a positive relationship between the swimming speed of brown trout (affecting fish ventilation rates) and the level of infestation with glochidia of the freshwater pearl mussel (Margaritifera margaritifera). Hence, the spawning behaviour of P. phoxinus may have a major influence on the mussel reproduction potential, rendering this fish species an important host for U. crassus.
Throughout the U. crassus reproductive period, C. gobio carried significantly lower numbers of glochidia per fish individual compared to P. phoxinus, despite this benthic fish species spawning synchronously with U. crassus, when it also abandons its solitary life sheltering under stones (Mills and Mann 1983) , thereby increasing the chance for glochidia exposure. However, besides differences in swimming behaviour, the higher glochidia prevalence on P. phoxinus may hint at a generally higher host suitability of this cyprinid. Further research is needed to elucidate host suitability differences, including aspects of both fish behaviour and physiology, and juvenile mussel transformation success (Levine et al. 2012; Schneider et al. 2018; Taeubert et al. 2012) .
Juvenile transformation success is a critical stage for mussel recruitment. In the present study, the reproduction potential of U. crassus was evaluated as 'glochidia density' and not juvenile transformation. As introduced in the methods section, this procedure is justified by a very high juvenile transformation success from glochidia that have been encapsulated for a critical period of three days in artificial infestations with mussels and fish from the study river Tommarpsån (Schneider et al. 2017) . In those experiments, no glochidia loss was found on C. gobio and P. phoxinus after that critical period, suggesting that both species are highly suitable hosts for U. crassus. Moreover, the current study included repeated fishing during the mussel reproduction season during which the probability of glochidia attachment to fish 3 days prior to fishing is high. We therefore suggest that reproduction potential can be proxied by glochidia examination on gills of naturally infested fish.
The glochidia densities did not differ between C. gobio and P. phoxinus. The lower glochidia infestation rates on C. gobio were most likely compensated by the comparably higher densities of C. gobio towards the end of the U. crassus reproduction season. Similar glochidia densities suggest similar host functions between fish species; and the possibility for U. crassus to recruit similarly well on different hosts implies ecological resilience of U. crassus recruitment. The option of alternative hosts among time periods and microhabitats could ensure successful reproduction, especially with recurrent disturbances that vary temporally and spatially and affect fish species differently (Pandolfo et al. 2012 ).
Conclusions
Conservation of unionid mussels as keystone species in freshwaters is essential to prevent further extinctions and to maintain the ecosystem functions and services that these highly imperilled molluscs provide (Lopes-Lima et al. 2017 ). The present study shows that management trade-offs and prioritization should not be based on information of mussel abundance and host fish density alone, such that high biodiversity value is generally assumed for large and dense populations. Instead, knowledge gained from studies on local mussel beds and multiplicative effects of host availability, host species composition and infestation, should be taken into consideration. Our conclusions are based on evaluation of one population, which prompts the need for future studies of multiple populations and habitats. Such studies may reveal high reproduction potential in low-density mussel beds, which, according to our results, can be linked to species-specific behavioural and life history traits of host fish. Host characteristics may moreover work in concert with factors such as habitat quality, post-parasitic juvenile survival and genetic variation, in accounting for recruitment potential of unionoids, as suggested by other studies (e.g. Berg et al. 2008; Denic et al. 2014; Geist 2010; Neves and Widlak 1987) . Local knowledge of such effects should prove pivotal for management prioritization and trade-offs between values, contributing to adaptive conservation strategies, cost-efficient management, and ultimately the preservation of high ecosystem function and service.
